Background. The influence of surgical margin status on long-term outcomes of patients undergoing adrenal resection for ACC remains not well defined. We studied the impact of surgical tumor margin status on recurrence-free survival (RFS) and overall survival (OS) of patients undergoing resection for ACC. Methods. A total of 165 patients who underwent adrenal resection for ACC and met inclusion criteria were identified form a multi-institutional database. Clinicopathological data, pathologic margin status, and long-term outcomes were assessed. Patients were stratified into two groups based on margin status: R0 (margin [1 mm) versus R1. Results. R0 resection was achieved in 126 patients (76.4 %), whereas 39 patients (23.6 %) had an R1 resection. Median and 5-year OS for patients undergoing R0 resection were 96.3 months and 64.8 % versus 25.1 months and 33.8 % for patients undergoing an R1 resection (both p \ 0.001). On multivariable analysis, surgical margin status was an independent predictor of worse OS (hazard ratio [HR] 2.22, 95 % confidence interval [CI] 1.03-4.77; p = 0.04). The incidence of recurrence also differed between the two groups; 5-year RFS was 30.3 % among patients with an R0 resection versus 13.8 % among patients who had an R1 resection (p = 0.03). Lymph node metastasis (N1) was an independent predictor of RFS (HR 2.70, 95 % CI 1.04-6.99; p = 0.04). Conclusions. A positive margin after ACC resection was associated with worse long-term survival. Patient selection and an emphasis on surgical technique to achieve R0 margins are pivotal to optimizing the best chance for longterm outcome among patients with ACC.
activity of the tumor. Many nonfunctional tumors are sporadic and are diagnosed as incidental findings on crosssectional imaging. Occasionally, ACC can be associated with hereditary syndromes, such as Li-Fraumeni, Beckwith-Wiedemann, multiple endocrine neoplasia type 1, congenital adrenal hyperplasia, familial adenomatous polyposis, Lynch syndrome, and Carney complex. [5] [6] [7] [8] [9] [10] Regardless of etiology, the cornerstone of treatment for ACC involves surgical resection. [11] [12] [13] [14] Despite the refinement of surgical technique and better selection of surgical candidates, the prognosis of patients with ACC can be guarded. Specifically, depending on the stage of disease, 5-year overall survival (OS) can range from 13 to 81 %. 15 Several tumor-specific factors have been associated with outcome, including tumor size and high mitotic index/ Ki67. 11, [16] [17] [18] [19] The impact of operative factors, such as margin status, has been less well studied.
The effect of margin status on outcome has been well documented for several cancers, including primary colorectal cancer, colorectal liver metastasis, as well as hepatocellular carcinoma. [20] [21] [22] [23] [24] In contrast, many studies investigating prognostic factors associated with ACC did not evaluate surgical margin status. 18, 25, 26 Those few studies that did examine the effect of surgical margin status on long-term outcomes were limited to small, single-center case series. 11, 17 Given this, the purpose of the current study was to investigate the impact of margin status on recurrence-free (RFS) and overall (OS) survival of patients undergoing resection for ACC using a large, multi-center national collaborative database.
METHODS

Study Design
Patients who underwent curative intent resection for ACC between January 1993 and December 2014 at 13 tertiary academic centers in the United States were identified. The Only adult patients (C18 years old) were included in the study cohort. The Institutional Review Board of the participating institutions approved the study.
Information on patient demographics, tumor characteristics, perioperative characteristics, pre/postoperative chemo/ radiotherapy, and tumor recurrence were recorded. All operative specimens underwent standard histopathological evaluation. Data on T stage, tumor size, tumor laterality, capsular invasion, and lymph node status were collected. R0 resection was defined as the absence of macroscopic or microscopic extension of the tumor at the surgical margin, while R1 resection was defined as microscopic extension of the tumor along the line of resection. Data on surgical approach, intraoperative estimated blood loss (EBL), intraoperative blood transfusions, and reoperation were obtained. Postoperative complications were defined based on the Clavien-Dindo classification: minor complications were classified as grade I and II, major complications as grade III and IV, whereas in-hospital mortality within the first 30 days after surgery was considered a grade V complication. 27 Among those patients who experienced multiple complications, the highest grade complication was used for analytic purposes. Long-term outcomes included RFS and OS. Recurrence was defined as the presence of a biopsy-proven mass or the presence of a highly suspicious lesion on crosssectional imaging.
Statistical Analysis
Demographic, clinicopathologic, and perioperative features of the study population were stratified according to margin status (R0 vs. R1). Continuous variables were presented as medians (interquartile range (IQR)) and baseline characteristics were described as frequencies and distributions. The differences between groups were assessed by the v 2 , Student's t test, and Mann-Whitney test, as appropriate. A relatively small subset of the cohort had missing data, and analyses suggested that these data were missing at random (MAR); as such, multiple imputation was performed for missing covariates. Univariate and multivariate models were assessed to determine the association of relevant clinicopathological factors with RFS and OS. Factors that were included in the univariate/multivariate model were selected based on clinical interest and scientific knowledge deriving from the scientific literature. Kaplan-Meier survival curves were utilized to estimate the median, 1-, 3-, and 5-year RFS and OS, whereas the log-rank test was used to compare differences in survival. All analyses were performed with Stata version 12.0 (StataCorp, College Station, TX), and p \ 0.05 (two tailed) was considered statistically significant. 
RESULTS
Demographic, Clinicopathologic, and Perioperative Characteristics
A total of 165 patients who underwent curative intent adrenal resection for ACC met the inclusion criteria and were included in the analytic cohort. Baseline characteristics of the cohort are summarized in Table 1 . The median age at diagnosis was 53 years (IQR 45.0-63.0), and there was a female predominance with a male:female ratio of 1:2. The majority of patients were Caucasian (n = 129, 78.2 %). Almost half of the patients had an adrenal tumor that penetrated through the gland to the surface of nearby organs/ structures or the fat that surrounds the gland (T3-T4 tumors: n = 74, 46.5 %); nodal metastasis was relatively uncommon (n = 14, 8.5 %). Almost one third of the tumors were clinically or biochemically considered as functional (n = 54, 34.5 %), often producing cortisol (n = 28, 17.9 %) and androgens (n = 18, 11.5 %). Mineralocorticoid-producing tumors comprised only 5.1 % (n = 8) of the tumors. Median tumor size was 11 cm (IQR 7.7-15.0); 87 patients presented with a left adrenal tumor versus 75 patients who presented with a right adrenal tumor.
At the time of surgery, the majority of patients underwent an adrenalectomy using an open approach (n = 128, 79 %), whereas one fifth of patients underwent a minimally invasive adrenal resection (n = 34, 21.0 %). Median EBL was 500 mL (IQR 150-1400) and a minority (n = 36, 21.8 %) of patients received an intraoperative blood transfusion. Postoperatively, approximately one fourth of patients experienced a complication within 30 days after surgery (n = 42, 25.4 %); the majority of complications were classified as minor/grade 1-2 (n = 29, 69.0 %). Only 1 patient died within 30 days after surgery for a postoperative mortality of 0.6 %. Use of preoperative (n = 2, 1.2 %) and postoperative (n = 17, 10.3 %) chemotherapy was uncommon; 47 (28.5 %) patients received postoperative mitotane.
An R0 margin status was achieved in 126 (76.4 %) patients and an R1 margin in 39 (23.6 %) patients. The majority of demographic, clinical, and tumor characteristics were similar between the two groups ( Table 1) . For example, tumor size and T stage were comparable between the two groups. In contrast, patients who underwent R1 resections were more likely to have tumors with capsular invasion (85.7 %) compared with patients who had R0 resections (47.3 %; p \ 0.001).
Associations of Margin Status with Recurrence-free Survival
At a median follow-up of 22.9 months, 53.9 % of the overall cohort (n = 89) had developed a recurrence.
Median, 1-, 3-, and 5-year RFS for the entire cohort was 23.2 months, 66.3, 37.6, and 27.0 %, respectively ( Fig. 1 ; Table 2 ). Five-year RFS of patients who underwent a R0 resection was 30.3 versus 13.8 % of patients who underwent an R1 resection (p = 0.03). On univariate analysis, presence of a positive surgical margin was a predictor of shorter RFS (hazard ratio [HR] 1.71, 95 % CI 1.05-2.78; p = 0.03; Table 2 ); however, after adjusting for other clinicopathologic factors, only the presence of lymph node metastasis (N1) remained an independent predictor of RFS (HR 2.70, 95 % CI 1.04-6.99; p = 0.04; Table 2 ), whereas margin status was no longer associated with RFS (HR 1.06, 95 % CI 0.58-1.94).
Associations of Margin Status with Overall Survival
Median and 1-, 3-, and 5-year OS for the entire cohort was 86. (Table 3) .
DISCUSSION
Adrenal resection represents the best treatment option for ACC, because it provides patients with potential for long-term cure and survival. 28 While several reports have examined recurrence after resection in ACC, substantially fewer have exclusively focused on the effect of surgical margin. 11, 16, 19, 29 In a study by Ip et al. surgical margin status was not a significant prognostic factor for either OS or RFS in multivariable analysis. 19 In a separate study by Ayala-Ramirez, surgical margin status was not significant for OS but was significant only for local RFS. 11 Given these disparate findings, we sought to define the impact of margin status on long-term outcomes among patients with localized disease undergoing a curative-intent resection (R0/R1). In the present cohort, approximately one fourth of patients had an R1 resection, and perhaps more importantly, a resection with microscopically positive margins was associated with worse long-term outcome compared with an R0 resection. The incidence of R1 resection in the current study was relatively high (23.6 %). The high incidence of an R1 resection may seem somewhat surprising, especially given that patients were treated at specialized tertiary centers. 11, 17 However, quite often patients with ACC are referred to tertiary centers at an advanced stage, with large tumors that present technical difficulties. 13 Consistent with this, the median tumor size of ACC lesions among patients treated in the current study was 11 cm. Of note, the incidence of R0 resection was similar among patients undergoing a minimally invasive (77.7 %) versus open (73.5 %) ACC resection (p = 0.62), suggesting that a minimally invasive approach can indeed achieve an R0 margin in appropriately selected patients. These data are important, because there is an ongoing debate on the best surgical approach for localized ACC. [30] [31] [32] [33] In one study, Ayala-Ramirez et al. reported that margin status was not an independent predictor of worse OS after surgery for ACC. 11 In this study, however, only a small subset of patients who were referred underwent surgical resection and the analyses may have been underpowered to detect an effect of margin status on outcome (i.e., type II statistical error). In contrast, in a separate study involving a larger cohort of 1,400 different hospitals in the National Cancer Data Base (NCDB), Bilimoria et al. reported that an R1 resection was associated with an unfavorable prognosis (HR 1.81, 95 % CI 1.44-2.27; p \ 0.0001). 17 This study likely suffered from significant heterogeneity in how surgical margin status was determined among the 1400 hospitals, many of which did only a few cases. While some differences in surgical pathology interpretation also were likely in the current study, the variability was undoubtedly less, given that each of 13 centers were high-volume academic centers. By collaborating with 13 centers throughout the United States, we were able to obtain an adequate sample size to examine margin status compared with other single-center reports. Of note, we found that surgical margin status was an independent predictor of worse OS. Moreover, when stratifying the patients based on surgical margin status, 5-year survival among patients who underwent an R1 resection was almost one half of the long-term outcome of patients who had a R0 resection (33.8 vs. 64.8 %). The reason for the worse outcome among patients with R1 disease is undoubtedly multifactorial. In addition, unlike the NCDB study, we were able to assess microscopic vascular invasion. Interestingly, the presence of capsular invasion was the only factor associated with an increased risk of an R1 resection. Weiss et al. had previously noted that capsular invasion can be characterized by nests or cords of tumor cells extending into or through the capsule with stromal reaction and was a surrogate for an aggressive underlying tumor biology. 34 Collectively, the data strongly suggest that surgical margin status is an important factor associated with long-term outcome. This finding is in accordance with previous studies on other Besides investigating the prognostic role of the surgical margin status, we also defined other patient-and tumorrelated factors that were associated with a worse prognosis among patients who underwent curative intent surgical resection. For example, in the current study, 27 % of patients who underwent lymph node dissection had lymph node metastasis. In turn, lymph node metastasis was noted to be an important prognostic factor of RFS-consistent with previous reports on ACC. 40, 41 The finding that lymph node metastasis had an impact on staging and prognosis is clinically relevant in that lymph node dissection remains a topic of debate among surgeons, because it is not a routine component of radical adrenalectomy. 13, 42 For example, only 30 % of patients in our large nationwide collaborative had lymph node sampling performed. In contrast to lymph node metastasis, we did not find an association of patient age, tumor size, or tumor grade with prognosis. As such, these patient-and tumor-related characteristics should not preclude resection when an R0 margin can be achieved.
Several limitations should be considered when interpreting the current study. As with all retrospective analyses, there may have been selection bias regarding how patients were chosen for surgical resection. This bias may have led to the avoidance of surgery for certain patients with ACC who were perceived to have a high risk of a positive margin-thereby under-representing the number of patients who would have ultimately undergone an R1 resection. In addition, while the current study involved 13 major tertiary medical centers, the sample size remained relatively small (n & 300), and this impacted our ability to do certain subset analyses. Moreover, all participating centers were tertiary centers where ACC is treated by experienced teams. As such, the data may not be completely generalizable (e.g., ''true'' incidence of R1 resection) to the community hospital setting. While the multi-institutional nature of the dataset strengthens the statistical analysis, potential differences in histopathologic processing and margin measurements of ACC specimens by different pathologists across the 13 institutions may have occurred.
CONCLUSIONS
A positive margin after resection of ACC was associated with worse long-term survival. In fact, while many patient and tumor related factors were not associated with RFS and OS, R0 margin had a strong impact on long-term outcome. Patient-or tumor-related factors, such as the tumor size, should not preclude patients from curative intent resection when an R0 resection is feasible. Patient selection and an emphasis on surgical technique to achieve R0 margins are pivotal to optimizing the best chance for long-term outcome.
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